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® A pressure pulse wave sensor (10) for detecting 
a pressure pulse wave produced from an arterial 
vessel of a living subject in synchronism with heart- 
beat of the subject, the sensor having a press sur- 
face (54) adapted to be pressed on a body surface 
(16) of the subject, a protruding portion protruding 
from the press surface and having a top surface 
(30), and at least one pressure sensing element (32) 
provided in the top surface of the protruding portion, 
for detecting the pressure pulse wave produced from 
the arterial vessel, the top surface of the protruding 
portion being covered with a resilient protective layer 
(78), the pulse wave sensor further comprising a 
hard member (58, 98) which surrounds the protrud- 
ing portion such that a top end of the hard member 
is substantially flush with the resilient protective lay- 
er covering the top surface of the protruding portion. 
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BACKGROUND OF THE INVENTION 

Reld of the Invention 

The present invention relates to a pulse wave 
sensor adapted to be pressed on a body surface of 
a living subject for detecting a pressure pulse wave 
produced from an artery of the subject. 

Discussion of the Related Art 

There is known a pulse wave sensor having a 
press surface adapted to be pressed on a body 
surface of a living subject, a protruding portion 
protruding from the press surface, and sensing 
means provided in a top surface of the protruding 
portion, for detecting a pressure pulse wave pro- 
duced from an artery of the subject. As disclosed 
in U.S. Pat. No. 5,179,956 assigned to the As- 
signee of the present application and Laid-open 
Publication No. 4-67839 of unexamined Japanese 
Patent Application, the pulse wave sensor as de- 
scribed above has a resilient protective layer 
formed of an epoxy resin, silicone resin or silicone 
rubber. More specifically described, the resilient 
protective layer covers the press surface of the 
protruding portion adapted to be pressed on the 
body surface and additionally forms Inclined sur- 
faces between the protruding portion and a protec- 
tion plate, which surfaces are inclined from the 
press surface of the protruding portion toward the 
protection plate. This resilient protective layer is 
provided for the purpose of protecting one or more 
pressure sensing elements provided in the top sur- 
face of the protruding portion and a cable con- 
nected thereto, as well as mitigating pain as felt by 
the subject when the edges and/or corners of the 
protruding portion are pressed on a skin (I.e., body 
surface) of the subject for detecting the pulse 
wave. In measuring blood pressure of the subject 
by using this pulse wave sensor, the protruding 
portion of the pulse wave sensor is pressed on the 
body surface over an artery such as a radial artery 
from which the pulse wave is detected, such that 
the artery partially becomes flattened. As a result, 
pressure transmitted from the artery is detected by 
the pressure sensing elements of the pulse wave 
sensor. 

In many cases, however, hard bone and tendon 
are present near the artery from which the pressure 
pulse wave is to be detected. When the pulse wave 
sensor is pressed on the body surface with a 
pressing force necessary to measure the blood 
pressure, the resilient protective layer which sur- 
rounds the protruding portion receives relatively 
large pressure from the bone and tendon, and 
tensile force caused by friction between the pro- 
truding portion of the pulse wave sensor and the 



skin of the subject on which the pulse wave sensor 
is pressed. The pressure from the bone and tendon 
and the tensile force, each received by the resilient 
protecting layer, are undesirably transmitted to the 

5 top surface of the protruding portion covered with 
the resilient protective layer, and consequently ad- 
versely Increase the pressure detected by the 
pressure sensing element. Therefore, the blood 
. pressure detected by the pulse wave sensor as 

70 described above inevitably includes an erroneous 
component which results from the above pressure 
and tensile force. Thus, the above-described con- 
ventional pulse wave sensor is not capable of as- 
suring accurate measurement of the blood pres- 

75 sure. 

SUMMARY OF THE INVENTION 

The present invention has been developed in 
20 the light of the above situation. It is therefore an 
object of the present invention to provide a pres- 
sure pulse wave sensor which is capable of detect- 
ing a pressure pulse wave from an artery of a living 
subject without being adversely influenced by the 
25 pressure transmitted from a bone and a tendon 
located near the artery. 

The above object may be attained according to 
the present invention which provides a pressure 
pulse wave sensor for detecting a pressure pulse 
30 wawe produced from an arterial vessel of a living 
subject in synchronism with heartbeat of the suk>- 
ject. the sensor having a press surface adapted to 
be pressed on a body surface of the subject, a 
protruding portion protruding from the press sur- 
35 face and having a top surface, and at least one 
pressure sensing element provided in the top sur- 
face of the protruding portion, for detecting the 
pressure pulse wave produced from the arterial 
vessel, the top surface of the protruding portion 
40 being covered with a resilient protective layer, 
wherein the improvement comprises a hard mem- 
ber which surrounds the protruding portion such 
that a top end of the hard member is substantially 
flush with the resilient protective layer covering the 
45 top surface of the protruding portion. 

In the pressure pulse wave sensor constructed 
according to the present invention, the hard mem- 
ber surrounds the protruding portion whose top 
surface is covered with the resilient protective lay- 
so er, so that the resilient protective layer does not 
extend over the top end of the hard member. When 
the pressure pulse wave sensor is pressed on the 
body surface over the artery for, e.g.. measuring 
the blood pressure of the subject, the high pres- 
65 sure from the bone and tendon near the artery 
acting on the pulse wave sensor and the tensile 
force caused by friction between the sensor and 
the skin of the subject are received solely by the 
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hard member which surrounds the protruding por- 
tion and which is not likely to be deformed by 
these pressure and tensile force. Thus, the resilient 
protective layer provided on the top surface of the 
protruding portion is free from such pressure and 
tensile force. Accordingly, the pulse wave sensor 
constructed according to the present invention is 
capable of reducing influence of the pressure from 
the bone and tendon near the artery from which the 
pressure pulse wave is detected, to thereby assure 
accurate measurement of the blood pressure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and ad- 
vantages of the present invention will be better 
understood by reading the following detailed de- 
scription of the presently preferred embodiments of 
the invention when considered in connection with 
the accompanying drawings, in which: 

Fig. 1 Is a diagrammatic view showing a pres- 
sure pulse wave detecting apparatus which In- 
cludes a pressure pulse wave sensor construct- 
ed according to the present invention; 
Fig. 2 Is a plan view of the pressure pulse wave 
sensor of Fig. 1 as seen from the side of a top 
surface thereof; 

Fig. 3 is a cross-sectional view of the pressure 

pulse wave sensor of Fig. 1 ; 

Fig. 4 is a perspective view showing a stadium 

as a hard member employed in the pressure 

pulse wave sensor of Fig. 1; 

Fig. 5 is a graph illustrating a tonogram curve 

obtained by plotting minimum magnitudes of 

pulse waves detected by respective pressure 

sensing elements of the pressure pulse wave 

sensor of Fig. 1 ; 

Fig. 6 is a cross-sectional view corresponding to 
Fig. 3, showing a pressure pulse wave sensor 
constructed according to another embodiment of 
the present invention; and 
Fig. 7 is a perspective view showing a shut-out 
member as a hard member employed in the 
pressure pulse wave sensor of Rg. 6. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to Fig. 1, there is shown a pulse 
wave detecting apparatus 12 which includes a 
pressure pulse wave sensor 1 0 constructed accord- 
ing to a first embodiment of the present invention. 
In the figure, reference numeral 14 denotes a hous- 
ing which is open at one of axially opposite ends 
thereof. The housing 14 is set on a wrist 20 of a 
living subject by means of wrist bands 18, 18, such 
that an open end of the housing 14 is opposed to a 
body surface (I.e., skin) 16 of the subject. In the 



housing 14, there are provided a flexible diaphragm 
22 which is secured to an inner wall surface of the 
housing 14 and a pressure pulse wave sensor 10 
which is secured to the diaphragm 22. The pulse 

5 wave sensor 10 is disposed within the housing 14 
such that the sensor 10 is displaceable relative to 
the housing 14 and that the sensor 10 is advan- 
ceable out of the opening of the housing 14. The 
housing 14, diaphragm 22 and pulse wave sensor 

10 10 cooperate with each other to define a pressure 
chamber 24. The pressure chamber 24 is adapted 
to receive pressurized fluid, such as pressurized 
air, from a pressurized fluid supply 26 via a pres- 
sure regulating valve 28. Thus, the pressure pulse 

/5 wave sensor 10 is pressed against the body sur- 
face 16 with a suitable pressing force correspond- 
ing to the pressure in the pressure chamber 24. 

As shown in Fig. 2, the pressure pulse wave 
sensor 10 is constituted by a semiconductor chip 

20 formed of a monocrystalline silicon, for instance, 
and a multiplicity of pressure sensing elements 32 
such as pressure sensing diodes (thirty pressure 
sensing diodes, for instance), which elements 32 
are arranged in a row in a top surface 30 of the 

25 semiconductor chip. The pressure pulse wave sen- 
sor 10 is adapted to be pressed against a radial 
artery 34 via the body surface 16, such that the 
row of the pressure sensing elements 32 substan- 
tially perpendicularly Intersects the radial artery 34. 

30 In this situation, each pressure sensing element 32 
detects an oscillatory pressure wave, that is, pres- 
sure pulse wave transmitted from the radial artery 
34 to the body surface 16. It is noted that each 
interval between adjacent pressure sensing ele- 

35 ments 32 in the row is made sufficiently small to 
such an extent that a predetermined necessary and 
sufficient number of the pressure sensing elements 
32 can be located over the radial artery 34. In 
addition, a length of the row of the pressure sens- 

40 Ing elements 32 is predetermined such that the 
length is sufficiently larger than a diameter of the 
radial artery 34. Each of the pressure sensing 
elements 32 outputs an electric signal, namely, a 
pulse wave signal SM representative of the de- 

45 tected pressure pulse wave, and the produced 
pulse wave signal SM is received by a control 
device 36. 

As shown in Fig. 3, the pressure pulse wave 
sensor 10 includes a sensor head case 38, plate 

50 member 44, spacer member 46, sensor chip 48, 
protection plate 50 and a stadium 58. The sensor 
head case 38 is formed of plastics, for example, 
and is fixed to a central portion of the diaphragm 
22. The plate member 44 is formed of a ceramic, 

55 for example, and is fixed within a central recess of 
the head case 38 at one of opposite surfaces 
thereof via an adhesive layer 42. The other surface 
of the plate member 44 is covered with a circuit 
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film 40. The spacer member 46 assumes a rectan- 
gular parallelepiped shape and is secured to a 
central portion of the plate member 44. The sensor 
chip 48 is attached to the spacer member 46 by a 
suitable adhesive. The protection plate 50 is 
formed of a metal, and is adhered to the head case 
38 for protecting the circuit film 40 and connector 
pads connecting between the circuit film 40 and a 
flexible flat cable 76 described later. 

As shown in Fig. 4, the stadium 58 assumes a 
generally rectangular configuration. The stadium 58 
Is formed of. for example, a ceramic or a hard 
resin, and is secured to the above-indicated other 
surface of the plate member 44 which is covered 
with the circuit film 44, so that the stadium 58 is 
disposed in a space defined by the protective plate 
50 and the spacer member 46 to which the sensor 
chip 48 is secured. The stadium 58 has a square 
hole 52 formed through the thickness thereof for 
accommodating the spacer member 46 and the 
sensor chip 46 secured thereto, and has a large 
wall thickness. The stadium 58 further has tapered 
surfaces 56 which are tapered from a press surface 
54 of the protection plate 50 toward a top end of 
the stadium 58 at a predetermined angle. The 
.spacer member 46 Is formed of aluminum and 
surface-treated with an electrical insulating material 
such as plastics or alumite, so that the spacer 
member 46 serves as an electrical insulator. The 
plate member 44 whose surface on the side of the 
stadium 58 is covered with the circuit film 40 
functions as a junction circuit for electrically con- 
necting the sensor chip 48 and the control device 
36. The junction circuit may include a multiplexer, 
pre-amplifier. regulator and other active elements, 
as needed. The plate member 44 also functions as 
a member for mechanically supporting the sensor 
chip 48. In the present embodiment, the spacer 
member 46 and sensor chip 48 cooperate with 
each other to constitute a protruding portion, while 
the stadium 58 constitutes a hard member. The 
tapered surfaces 56 of the stadium 58 are provided 
for the purpose of preventing the living subject on 
which the pulse wave detecting apparatus 12 is 
worn, from feeling pain which would be caused by 
contact of the edges and/or corners of the top 
surface 30 of the protruding portion with the body 
surface of the subject. 

The sensor chip 48 includes a back-up plate 
60 formed of a glass having a high rigidity and a 
semiconductor chip 62 formed of a monocrystal- 
line-silicon plate and adhered to one of opposite 
surfaces of the back-up plate 60 remote from the 
spacer member 46. The back-up plate 60 which 
serves as a spacer member has a through-hole 70 
formed through the thickness thereof for introduc- 
ing atmospheric pressure to a back surface of the 
semiconductor chip 62 on the side of the back-up 



plate 60 via central holes 64, 66, 68 formed 
through the. spacer member 46, plate member 44 
and head case 38, respectively. The semiconductor 
chip 62 has a thickness of about 300M.m, and an 

5 elongate recess 72 formed in the back surface 
thereof so as to provide an elongate small-thick- 
ness portion 74 having a thickness ranging from 
about several microns to several tens of microns. 
The pressure sensing elements 32 are formed on 

10 this small-thickness portion 74 by a well-known 
semiconductor producing method such as diffusion 
or injection of Impurities. The circuit film 40 which 
covers one of opposite surfaces of the plate mem- 
ber 44 on the side of the stadium 58 is electrically 

75 connected to the pressure sensing elements 32 by 
the flexible flat cable 76 which is provided in a 
recess (not shown) of the stadium 58. More specifi- 
cally described, the flat cable 76 is bent in the 
recess of the stadium 58 such that the cable 76 

20 extends from the circuit film 40 toward the sensing 
elements 32 along the surface of the plate member 
44 and side surfaces of the space member 46. In 
Fig. 3, only end portions of the flat cable 76 on the 
side of the circuit film* 40 are shown, which end 

25 portions are connected to the circuit film 40 on the 
plate member 44. One of opposite surfaces of the 
semiconductor chip 62 remote from the spacer 
member 46 is covered with a resilient protective 
layer 78 formed of silicone rubber for protecting 

30 the pressure sensing elements 32. In this arrange- 
ment, a top surface of this resilient protective layer 
78 is substantially flush with a top end of the 
stadium 58 (i.e., the lowermost surface of the sta- 
dium 58 as seen in Fig. 3), 

35 Referring back to Fig. 1, the control device 36 
includes a microcomputer which is constituted by a 
central processing unit (CPU) 80, a read-only mem- 
ory (ROM) 82, a random-access memory (RAM) 
84, and other components. The CPU 80 processes 

40 input signals according to programs pre-stored in 
the ROM 82 while utilizing the temporary-storage 
function of the RAM 84, and determines an opti- 
mum pressing force by which the pulse wave sen- 
sor 10 is pressed on the body surface of the living 

45 subject and an optimum pressure sensing element 
32a selected among all of the sensing elements 32, 
on the basis of the pulse wave signals SM received 
from each of the pressure sensing elements 32 
during a pressure-increase period in which the 

50 pressure of the pressure chamber 24 is increased, 
according to known algorithms. The control device 
36 supplies a pressure-regulating signal SD to the 
pressure regulating valve 28, to thereby adjust the 
pressure within the pressure chamber 24 for main- 

55 taining the determined optimum pressing force, 
and reads in the pulse wave signal SM supplied 
from the determined optimum pressure sensing 
element 32a to thereby continuously detect the 
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pressure pulse wave. The control device 36 gen- 
erates an output signal SI representative of the 
detected pulse wave and supplies the signal SI to a 
display /record device 86 so as to display and 
record the detected pulse wave. With the pulse 
wave sensor 10 pressed over the radial artery 34 
via the body surface 16 by the optimum pressing 
force determined as described ak>ove. minimum 
magnitudes (i.e., lower-peak magnitudes) of the 
pulse wave signals SM produced by the respective 
pressure sensing elements 32 are plotted in a 
direction of the row of the sensing elements 32 to 
thereby provide a tonogram curve as shown In Fig. 
5. Further, the control device 36 determines wheth- 
er a pressing condition of the pulse wave sensor 
10 with respect to the body surface 16 remains 
appropriate or not, on the basis of a chronological 
change in successive tonogram curves. If it Is 
judged that the pressing condition of the pulse 
wave sensor 10 Is changed due to physical motion 
of the subject, for example, and therefore, the 
current pressing condition Is no longer appropriate 
for pressing the body surface, the control device 
36 adjusts the current value of the optimum press- 
ing force to a suitable value, and maintains the 
newly determined pressing force. The control de- 
vice 36 is connected to an inflatable cuff 90 which 
is wound around an upper arm 88 of the subject 
and which generates a blood pressure signal SK. 
The above-described pulse wave signal SM gen- 
erated by the optimum pressure sensing element 
32a is subjected to so-called "calibration" based 
on the blood pressure signal SK, so that the signal 
SM accurately represents the blood pressure of the 
living subject. In the pressure chamber 24. there is 
provided a pressure sensor (not shown) for detect- 
ing the pressure in the chamber 24. This pressure 
sensor generates a pressure signal representative 
of the pressure within the pressure chamber 24 
and supplies this signal to the control device 36. In 
Fig. 1 , reference numerals 92, 94 respectively des- 
ignate a radial bone and a tendon. 

Next, there will be described the operation of 
the pulse wave detecting apparatus 12 constructed 
as described above. 

When an ON/OFF switch (not shown) Is set to 
an "ON" position, the regulating valve 28 is con- 
trolled so as to supply the pressurized fluid from 
the fluid supply 26 to the pressure chamber 24, so 
that the pressure in the chamber 24 is increased at 
% a constant low rate to a predetermined value, for 
example, about 250mmHg. During this slow pres- 
sure increase period, the control device 36 reads in 
the pulse wave signals SM generated by each 
pressure sensing element 32 of the pulse wave 
sensor 10 as well as the pressure signal repre- 
sentative of the pressure in the pressure chamber 
24. Then, the control device 36 calculates an am- 



plitude of each of the pulse waves which are repre- 
sented by the pulse wave signals SM generated by 
each pressure sensing element 32. It Is noted that 
the amplitude of each pulse wave is represented 

5 by a difference between a maximum (an upper 
peak) and a minimum (a lower peak) magnitude of 
each pulse wave. The control device 36 selects, as 
an optimum pressure sensing element 32a, one of 
the pressure sensing elements 32 which detected a 

10 pulse wave having a maximum amplitude. The 
maximum amplitude is the greatest amplitude of all 
the amplitudes of the pulse waves detected by 
each of the pressure sensing elements 32. The 
control device 36 further determines, as an opti- 

75 mum pressing force, a pressing force of the pulse 
wave sensor 10 at which the optimum pressure 
sensing element 32a has detected the pulse wave 
having the maximum amplitude. Subsequently, with 
the pulse wave sensor 10 being pressed with the 

20 thus determined optimum pressing force, the opti- 
mum pressure sensing element 32a continuously 
detects a pulse wave and supply the pulse wave 
signal SM representative of the detected pulse 
wave to the control device 36. The control device 

25 36 stores the received signal SM and then, sup- 
plies a display/record signal SI representative of 
the detected pulse wave to the display/record de- 
vice 86 so as to display and record the pulse wave 
detected by the optimum pressure sensing element 

30 32a. When a predetermined number of pulse 
waves (e.g. 8 pulse waves) are detected with the 
pressing force of the pulse wave sensor 10 main- 
tained at the above-indicated optimum level, the 
control device 36 determines an average minimum 

35 magnitude of the detected pulse waves for each of 
the pressure sensing elements 32. A solid line in 
the graph of Fig. 5 shows a tonogram curve ob- 
tained by plotting the respective average minimum 
magnitudes of the detected pulse waves for the 

40 pressure sensing elements 32. In the graph of Fig. 
5, the pressure sensing element indicated by an 
arrow represents the optimum pressure sensing 
element 32a as described above. 

For detection of the pressure pulse waves pro- 

45 duced from the artery, the pressure pulse wave 
sensor 10 is pressed against the radial artery 34 
via the body surface 16 of the subject. In this 
situation, the pulse wave sensor 10 may receive, in 
a diagonal direction, a pressure from the radial 

50 bone 92 or tendon 94 located adjacent to the radial 
artery 34. In the case of a conventional pressure 
pulse wave sensor wherein tapered surfaces are 
integrally formed with a resilient protective layer 
covering a top surface of a protruding portion to 

55 protect an outer surface of a semiconductor chip, 
the tapered surfaces undesirably receive the pres- 
sure from the bone and tendon and tensile force 
caused by friction between the tapered surfaces 
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and the body surface (skin) 16 since the tapered 
surfaces of the conventional pulse wave sensor are 
formed of silicone rubber and therefore, liable to 
act like fluid upon receiving the above-Indicated 
pressure and tensile force. As a result, the pres- 
sure is transmitted to the resilient protective layer 
covering the top surface of the protruding portion, 
and pressure sensing elements 32 undesirably de- 
tect this pressure as a part of the pressure pulse 
wave generated from the radial artery 34. In the 
graph of Fig. 5, a tonogram curve obtained by the 
conventional pulse wave sensor Is indicated by a 
broken line. As can be understood from this tonog- 
ram curve, the magnitudes of the pulse waves 
detected by the conventional pulse wave sensor do 
not accurately represent the magnitudes of the 
pulse waves generated from the radial artery 34. 
but are increased by the amount corresponding to 
the above-Indicated pressure applied from the 
bone and tendon. In particular, the pressure sens- 
ing elements located adjacent to the tapered sur- 
faces (the sensing elements Nos. 0 and 29) detect 
considerably large magnitudes of the pulse waves. 
In this case, the detected pulse wave signals SM 
must be compensated by the amount correspond- 
ing to the pressure from the bone and tendon. 
However, calculation or estimation of the amount to 
be used for the compensation requires technically 
difficult process, making it difficult to accurately 
obtain the blood pressure. On the other hand, the 
pulse wave sensor 10 constructed according to the 
present embodiment of the invention has the sta- 
dium 58 which is formed of a ceramic or a hard 
resin having a high rigidity and which surrounds 
the side surfaces of the protruding portion whose 
top surface 30 is covered with the resilient protec- 
tive layer 78. In this arrangement, only the tapered 
surfaces 56 of the stadium 58 receive the above- 
described pressure from the bone and tendon in 
the diagonal direction. Further, since the stadium 
58 made of a ceramic or a hard resin is not likely 
to be deformed, the pressure received by the ta- 
pered surfaces 56 is not transmitted to the pres- 
sure sensing elements 32 provided on the semi- 
conductor chip 62 of the protruding portion. Thus, 
the present pulse wave sensor 10 provides the 
tonogram curve indicated by the solid line in the 
graph of Fig. 5 which accurately represents the 
pulse waves generated from the radial artery 34. 
Accordingly, the pulse waves detected by the 
present pulse wave sensor 10 are free from the 
conventionally required compensation of the de- 
tected pulse waves as described above, permitting 
the pressure pulse wave detecting apparatus 12 to 
obtain the blood pressure of the living subject with 
high accuracy. 

According to the present embodiment, even if 
the pressure from the radial bone 92, tendon 94. or 



body surface (skin) 16 acting on the pulse wave 
sensor 10 is changed due to physical motion of the 
living subject during the detection of the pressure 
pulse wave, the change in the pressure does not 

5 influence the detection by the pressure sensing 
elements 32 since the pressure is received only by 
the tapered surfaces 56 of the stadium 58 and is 
not transmitted to the pressure sensing elements 
32. Therefore, in the present arrangement wherein 

10 the pulse wave signal SM is calibrated by utilizing 
the blood pressure signal SK obtained from the 
cuff 90, the calibration does not occur with a slight 
physical motion of the subject during the detection 
of the pressure pulse wave, whereby the continu- 

75 ous operation of the pressure pulse wave detecting 
apparatus 12 for measuring the blood pressure is 
not interrupted by the calibration effected by using 
the cuff 90. 

The pressure pulse wave detecting apparatus 

20 12 using the present pulse wave sensor 10 is 
capable of obtaining the blood pressure of the 
living subject with improved accuracy, and does 
not suffer from an adverse variation of the pulse 
wave signal SM resulting from a slight physical 

25 motion of the subject during the pulse wave detec- 
tion. In this respect, the pulse wave detecting ap- 
paratus 12 using the present pulse wave sensor 10 
may eliminate the provision of the cuff 90 which 
was conventionally used in combination with the 

30 pressure pulse detecting apparatus 12 to effect the 
calibration of the pulse wave signal SM. thereby 
reducing discomfort of the subject caused by at- 
tachment of the cuff 90 to the upper arm 88 during 
the blood pressure detection. 

35 Referring next to Fig. 6. there is shown a 

pressure pulse wave sensor 96 according to a 
second embodiment of the present invention. Since 
this pulse wave sensor 96 is substantially identical 
in construction with the pulse wave sensor 10 of 

40 ^the preceding embodiment, the same reference 
numerals as used in the preceding embodiment 
are used to Identify the corresponding components, 
and detailed description of which is not provided. 
The pulse wave sensor 96 of this embodiment 

45 has a rectangular shut-out member 98 in place of 
the stadium 58 of the preceding embodiment, as 
shown in Fig. 7. The shut-out member 98 Is se- 
cured at one of opposite ends thereof to one of 
opposite surfaces of the plate member 44 which 

50 surface is on the side of the spacer member 46 
and sensor chip 48, so that shut-out member 98 
surrounds the side surfaces of the protruding por- 
tion constituted by the spacer member 46 and 
sensor chip 48. Like the stadium 58, the shut-out 

55 member 98 is formed of a ceramic or a hard resin, 
for instance. A space defined by the protection 
plate 50 and the shut-out member 98 is filled with 
silicone rubber 100, and tapered surfaces 102 simi- 
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lar to the tapered surfaces 56 of the stadium 58 are 
formed between the top end of the shut-out mem- 
ber 98 and the protection member 50. The top 
surface 30 of the protruding portion is covered with 
the resilient protective layer 78 formed of silicone 
rubber. In this modified embodiment, too, the shut- 
out member 98 formed of a ceramic or a hard resin 
having a high rigidity surrounds the side surfaces 
of the protruding portion which includes the resil- 
ient protective layer 78 provided to cover the top 
surface 30 of the protruding portion. The silicone 
rubber 100 having the tapered surfaces 102 and 
the resilient protective layer 78 covering the top 
surface 30 of the protruding portion are separate 
from each other by the shut-out member 98. In this 
arrangement, the pressure from the radial bone 92 
or tendon 94 in the diagonal direction, and tensile 
force caused by friction between the body surface 
(skin) 16 and the pulse wave sensor 96 are re- 
ceived only by the tapered surfaces 102. Even 
when the silicone rubber 100 Is deformed by the 
pressure, the shut-out member 98 interposed be- 
tween the silicone rubber 100 and the protruding 
portion prevents the pressure from being transmit- 
ted to the resilient protection layer 78. Accordingly, 
the present pulse wave sensor 96 is capable of 
detecting the pressure pulse wave which is free 
from the influence of the radial bone 92 and tendon 
94, to thereby assure accurate blood pressure 
measurement. It Is noted that the shut-out member 
98 serves as a hard member in the present em- 
bodiment. 

While the present invention has been de- 
scribed in detail in its presently preferred embodi- 
ments, it is to be understood that the present 
invention may othenwise be embodied. 

Although in the Illustrated embodiments the 
semiconductor chip 62 has in a top surface thereof 
a plurality of pressure sensing elements 32 for 
detecting the pressure pulse wave of the living 
subject, it is possible to detect the pressure pulse 
wave by using a single pressure sensing element 
32. 

While the stadium 58 and protection plate 50 
are formed of respective independent members in 
the first embodiment, the stadium 58 may be integ- 
rally formed with the protection plate 50 to con- 
stitute a single member. 

The stadium 58 or shut-out member 98 as a 
hard member may be provided in abutting contact 
with the side surfaces of the protruding portion 
constituted by the spacer member 46 and the 
sensor chip 48. Alternatively, a slight clearance 
may be formed between the side surfaces of the 
protruding portion and an inner surface of the sta- 
dium 58 or shut-out member 98. Furthermore, the 
hard member in the form of the stadium 58 or shut- 
out member 98 may be formed of a glass, for 



example. In any case, the advantages offered by 
the principle of the present invention can be at- 
tained by the pulse wave sensor 10, 96 wherein 
only the tapered surfaces 56, 102 are adapted to 

5 receive the pressure in the diagonal direction from 
the bone or tendon located near the artery from 
which the pulse wave is detected, and wherein the 
hard member prevents the pressure from being 
transmitted to the resilient protective layer 78 

10 which covers the top surface of the sensor chip 48. 
Although the cuff 90 Is employed in combina- 
tion with the pulse wave sensor 10. 96 in the 
pressure pulse wave detecting apparatus 12 in the 
above embodiments. It Is possible to detect the 

15 pressure pulse wave solely by the detecting ap- 
paratus 12 to which the present pulse wave sensor 
10 is applied. 

It is to be understood that the present invention 
may be embodied with other changes, improve- 

20 ments and modifications which may occur to those 
skilled in the art without departing from the scope 
of the Invention defined in the following claims. 

Claims 

25 

1. A pressure pulse wave sensor (10) for detect- 
ing a pressure pulse wave produced from an 
arterial vessel of a living subject in synchro- 
nism with heartbeat of the subject, said sensor 

30 having a press surface (54) adapted to be 
pressed on a body surface (1 6) of the subject, 
a protruding portion protruding from said press 
surface and having a top surface (30). and at 
least one pressure sensing element (32) pro- 
as vided in said top surface of said protruding 
portion, for detecting said pressure pulse wave 
produced from said . arterial vessel, said top 
surface of said protruding portion being cov- 
ered with a resilient protective layer (78), said 
40 pressure pulse wave sensor being character- 
ized by further comprising: 

a hard member (58, 98) which surrounds 
said protruding portion such that a top end of 
said hard member is substantially flush with 
45 said resilient protective layer covering said top 
surface of said protruding portion. 

2. A pressure pulse wave sensor according to 
claim 1. wherein said hard member has a hole 

50 (52) formed through a thickness thereof for 
accommodating said protruding portion. 

3. A pressure pulse wave sensor according to 
claim 1 . wherein said hard member is formed 

55 of a hard material selected from the group 

consisting of a ceramic, a hard resin and a 
glass. 



13 EP 0 649 629 A2 14 



4. A pressure pulse wave sensor according to 
claim 1. said hard member has tapered sur- 
faces (56) which are tapered from said press 
surface toward said top end of said hard mem- 
ber at a predetermined angle. s 

5. A pressure pulse wave sensor according to 
claim 1 further comprising: a plate member 
(50) providing said press surface, said hard 
member cooperating with said plate member io 
to define a space therebetween: and a rubber 
member (100) filling said space, said rubber 
member having tapered surfaces (102) with 
respect to said press surface, so that said 
resilient protective layer covering said top sur- is 
face of said protruding portion is separate from 

said rubber member by said hard member 
interposed therebetween. 

8. A pressure pulse wave sensor according to 20 
claim 1. wherein said at least one pressure 
sensing element comprises a plurality of pres- 
sure sensing elements formed in said top sur- 
face of said protruding portion so as to be 
arranged in a row. 2s " 
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